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Abstract
The sexual behavior of individuals living with HIV determines the onward transmission of HIV. 
With the understanding that antiretroviral therapy (ART) prevents transmission of HIV, the sexual 
behaviors of the individuals not on ART with unsuppressed viral loads becomes of the greatest 
importance in elucidating transmission. We assessed the association between being on ART and 
sexual risk behavior among those living with HIV in a nationally representative population-based 
cross-sectional survey of households in South Africa that was conducted in 2012. Of 2,237 adults 
(aged 15–49) who tested HIV-seropositive, 667 (29.8%) had detectable antiretroviral drugs in 
their blood specimens. Among males, 77.7% of those on ART reported having had sex in the past 
year contrasted with 88.4% of those not on ART (p=0.001); among females, 72.2% of those on 
ART reported having had sex in the past year while 80.3% of those not on ART did (p<0.001). For 
males and females, the odds of reporting consistent condom use and condom use at last sex were 
statistically significantly higher for individuals on ART compared to those not on ART (Males: 
consistent condom use aOR=2.8, 95% CI=1.6–4.9, condom use at last sex aOR=2.6, 95% CI=1.5– 
4.6; Females: consistent condom use aOR=2.3, 95% CI=1.7–3.1, condom use at last sex aOR=2.3, 
95% CI=1.7–3.1), while there were no statistically significant differences in odds of reporting 
multiple sexual partners in the past year. In this nationally representative population-based survey 
of South African adults, we found evidence of less risky sexual risk behavior among people living 
with HIV on ART compared to those not on ART.
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INTRODUCTION
South Africa has been greatly impacted by the HIV epidemic, with an estimated HIV 
prevalence among individuals aged 15–49 of 18.8% (95% confidence interval [CI]: 17.5–
20.3%) in 2012[1]. An estimated 6.4 million people were living with HIV infection in South 
Africa in 2012[1], making South Africa the country with the largest absolute number of 
people living with HIV worldwide and nearly one-sixth of the burden worldwide[2]. The 
government of South Africa has made a strong commitment to providing HIV counseling 
and testing (HCT) to all individuals, and provided HCT to approximately 9 million South 
Africans between April 2012 and March 2013[3]. Additionally, the South African 
government has greatly expanded access to antiretroviral treatment[4] including increasing 
coverage of antiretroviral therapy (ART) to an estimated over 2 million people in 
mid-2012[1]. While South Africa has made great strides to decrease the burden of HIV, 
there remains significant stigma around HIV and HIV remains a major public health 
problem.
The HIV Prevention Trials Network (HPTN) 052 study clearly demonstrated the protective 
nature of ART on risk of HIV transmission, showing that HIV transmission between 
serodiscordant couples is reduced by 96% with early treatment of the seropositive 
partner[5]. The protective nature of ART on HIV transmission makes the sexual behaviors 
of individuals who are not on ART, who mostly have unsuppressed viral loads and are at 
increased risk of transmitting their virus, of the utmost importance to understand in order to 
implement effective positive prevention strategies.
The sexual behavior of individuals on ART is additionally of interest. People living with 
HIV who initiate ART often experience an improvement in general health and may have an 
accompanied increase in sexual activity[6]. Given that superinfection with novel strains, 
particularly with drug-resistant strains of HIV, can speed up disease progression and 
complicate the treatment of HIV[7], understanding the risk behavior of people both on and 
off ART is necessary, particularly in the context of increasingly earlier treatment 
guidelines[8]. Increased sexual risk taking among individuals both on and not on ART, 
mainly increases in unprotected sex acts and increased number of sexual partners, puts 
individuals at increased risk for sexually transmitted infections (STIs) and unplanned 
pregnancies. Additionally, adherence to ART becomes increasingly important, including as 
protection from superinfection, though previously adherence has been found to be 
inconsistent in South African populations[9,10].
While early studies from Western countries suggested that individuals on ART may have 
increased risk behavior[11–14], most literature published in South Africa[15–18] and other 
settings in sub-Saharan Africa[19–27] (including a meta-analysis published in 2012[28]) 
found either no significant difference in sexual risk behavior or a decrease in sexual risk 
behavior between individuals on ART compared to those who are not, while a few studies 
showed support for an increase in sexual risk behavior by individuals on ART[29–31]. This 
question has yet to be assessed on a nationally representative scale in South Africa.
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We aimed to assess the association between being on ART and sexual risk behavior among 
people of reproductive age (age 15–49) living with HIV in a nationally representative 
sample from South Africa undertaken in 2012. We assessed the following among those who 
reported sexual activity in the past 12 months: consistency of condom use, condom use at 
last sex and multiple sexual partnerships, comparing those on and not on ART.
METHODS
Study Design and Setting
The fourth South African National HIV Prevalence, Incidence, and Behaviour Survey 
(SABSSM IV) was a cross-sectional survey conducted in 2012 among individuals of all ages 
in all provinces of South Africa. SABSSM IV was a multi-stage cluster sample survey of 
residential households within enumeration areas sampled by province, race group and 
locality type (urban/rural and formal/informal) as defined by the census in South Africa[32]. 
Institutionalized individuals (including individuals in educational institutions, military 
barracks, old-age homes, or hospitals) were excluded from the study. This analysis is 
restricted to individuals aged 15–49 living with HIV.
Interviewers administered questionnaires to participants that included demographics, sexual 
history (including partner history, consistency of condom use and condom use at last sex), 
HIV testing history and risk perception, history of sexually transmitted infections, male 
circumcision, contraceptive use, and alcohol use, amongst others. All youth and adults who 
participated provided either written or verbal consent, including parent/guardian informed 
consent for youth under 18 years of age and youth verbal assent to have a blood specimen 
taken.
Laboratory Measures
Dried blood spot (DBS) specimens were collected from each participant who assented or 
consented using finger prick. Samples were tested for HIV using an enzyme immunoassay 
(EIA) (Vironostika HIV Uni-Form II plus O, Biomeriux, Boxtel, The Netherlands), and 
samples that tested positive were retested using a second EIA (Advia Centaur XP, Siemens 
Medical Solutions Diagnostics, Tarrytown, NJ, USA). Any samples with discordant results 
on the first two EIAs were tested with a third EIA (Roche Elecys 2010 HIV Combi, Roche 
Diagnostics, Mannheim, Germany). Samples that tested positive for HIV-1 antibodies were 
tested for the presence of antiretroviral drugs (ARVs) using high performance liquid 
chromatography (HPLC) coupled with tandem mass spectrometry. Zidovudine, Nevirapine, 
Efavirenz, Lopinavir, Atazanavir, and Darunavir were detected using an Applied Biosystems 
API 4000 tandem mass spectrometer. The limit of detection was set to 0.2 micrograms/ml.
Statistical Analysis
We report socio-demographics of participants living with HIV by ART status stratified by 
sex, and test for differences between groups by ART status using the Pearson chi-square test 
of independence, in STATA 12 (Stata Corp., College Station, TX). To assess the association 
between ART status and sexual behavior outcomes (consistency of condom use with most 
recent partner, condom use at last sex, and multiple sexual partnerships), again stratified by 
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sex, we used simple and multiple logistic regression for each outcome variable. Variables 
were included in multiple logistic regression analysis based on our literature review, and our 
final models adjusted for age category, race, income in the past month, locality type, partner 
type, education and alcohol use, as well as disclosure of HIV status to partner and alternative 
contraceptive method for condom use outcomes. Consistency of condom use was 
dichotomized to indicate “always” compared to “less than always” use.
RESULTS
Of 2,237 adults between the ages of 15 and 49 who tested HIV-seropositive, 667 (29.8%) 
had detectable ART in their blood specimens. Table I shows demographic characteristics of 
respondents living with HIV on and not on ART, stratified by gender. Among both males 
and females, the majority of the individuals on ART were older than those who were not on 
ART (median age 38 and 35 vs 32 and 30 for males and females, respectively). Fewer 
participants on ART had a regular sexual partner than those not on ART (among males: 
69.0% of those on ART and 79.8% of those not on ART; among females: 66.6% of those on 
ART and 74.0% of those not on ART). A slightly higher proportion of males and females on 
ART had received any income in the past month compared to those not on ART (69.7% vs 
61.4% among males, 59.0% vs 54.6% among females). The distribution of males on ART 
was different by locality type (more in rural informal areas were on ART: 32.1% vs 22.6%; 
and less often men in rural formal areas were on ART: 12.8% vs 18.9%), while among 
females, no locality differences were seen by ART.
Table II shows HIV risk behavior reported by participants living with HIV by ART status, 
stratified by sex. Individuals on ART were less likely to report having been sexually active 
in the past year than those who were not on ART (77.7% compared to 88.4% among males, 
and 72.2% compared to 80.3% among females). Higher proportions of respondents on ART 
reported that they used condoms consistently and at last sex compared to those not on ART 
(consistent condom use: 57.4% vs 34.9% among males, and 53.7% vs 33.5% among 
females; condom use at last sex: 73.2% vs 45.3% among males, and 65.5% vs 44.5% among 
females). The proportion of respondents reporting multiple partnerships in the past 12 
months was slightly lower among those on ART compared to those not on ART (14.9% vs 
20.9% among males; 5.1% vs 7.7% among females). Those respondents on ART reported 
less binge drinking (28.8% vs 34.1% among males; 8.0% vs 11.1% among females), and 
more respondents on ART reported no alcohol use in the past 12 months (58.8% vs 46.7% 
among males; 87.0% vs 79.4% among females). A greater proportion of those on ART 
disclosed their status to their sexual partner (62.3% vs 46.3% among males and 60.3% vs 
53.9% among females). Of those who were not on ART, 52.1% of women and 39.6% of 
men had received an HIV test and their results in the past 12 months. Significantly more 
individuals on ART reported healthcare services use in the past 6 months compared to those 
not on ART (71.0% and 71.5% compared to 41.0% and 50.2%, for males and females, 
respectively).
Figure 1 shows the unadjusted and adjusted associations between ART and sexual risk 
behaviors. For males and females, the odds of reporting condom use were statistically 
significantly higher for individuals on ART compared to those not on ART, even after 
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adjusting for potential confounders (Males: consistent condom use aOR=2.8, 95% CI=1.6– 
4.9, condom use at last sex aOR=2.6, 95% CI=1.5–4.6; Females: consistent condom use 
aOR=2.3, 95% CI=1.7–3.1, condom use at last sex aOR=2.3, 95% CI=1.7–3.1). There was 
no statistically significant difference in reporting of multiple sexual partners in the past year 
comparing those on ART to those not on ART after adjusting for other potential 
confounders for either males or females (among males: aOR=0.81, 95% CI=0.41–1.6; 
among females: aOR=0.94, 95% CI=0.52–1.7). We assessed for mediation and effect 
modification by exposure to healthcare services in the past year and did not find a large 
impact (<10%) as a mediator nor statistically significant interaction term. We additionally 
stratified our analyses by respondents’ having disclosed their HIV status to partners, and 
respondents’ awareness of their partners’ status, but found our conclusions did not change.
DISCUSSION
In this nationally representative population-based survey of South African adults, we found 
evidence of increased sexual risk behavior among people living with HIV not on ART 
compared to those who are on ART. Individuals on ART were more likely to report condom 
use and disclosing their status to partners, and less likely to report hazardous alcohol use.
The above results indicate the necessity for HIV prevention interventions to target 
individuals who are not yet on ART with behavioral HIV prevention interventions. 
Individuals not on ART reported high levels of sexual risk. Nearly two-thirds of HIV-
positive individuals not on ART reported inconsistent condom use and over half of the same 
individuals did not use a condom at last sex. This suggests that the individuals with the 
greatest potential for onward transmission of HIV, those who are not on ART who likely 
have higher viral loads, are engaging in behaviors that put their sexual partners at high risk 
of infection. However, identifying this population for behavioral prevention interventions is 
a major challenge, given the possibility that these individuals are simply less likely or 
willing to engage with public health or clinical medicine and the combined challenges of 
sexual behavior change while simultaneously linking a newly diagnosed positive individual 
to clinical care.
Individuals on ART also reported much higher levels of recent interaction with healthcare 
providers. It is possible that the lower reported levels of sexual risk behavior can be 
explained by this interaction, though effect modification and mediation by having seen a 
healthcare provider in the past 6 months was not significant. South African ART counseling 
guidelines include risk reduction/prevention for positives[4]. It is unclear if the effect we 
observe is simply a case of individuals who interact with the healthcare system knowing the 
“right” answers and therefore our results potentially could be due to social desirability bias, 
or if the observed effect is a truly protective effect.
There are numerous potential limitations to the results presented. The cross-sectional nature 
of the data collected in SABSSM IV means that no assessments of temporality may be made 
for the associations examined. We did not ask participants if they were aware of their HIV 
status, and therefore HIV-1 antibody-positive participants not on antiretroviral therapy will 
represent a mixture of participants who are aware of their status but not yet on ART 
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(potentially because their CD4+ cell count is above 350 cells/mm3), aware of their status 
and non-adherent to their ART regimen, and individuals who are unaware of their status. We 
are unable to assess if differences in reported sexual behavior could be attributed to simply 
awareness of HIV status, or to being on ART, which is potentially a major confounder of 
our results. Previous studies have found that self-reported HIV status and self-reported ART 
use are often misreported when compared to biological HIV testing and ART 
detection[33,34], making assessing awareness of HIV status and HIV care in household-
based cross-sectional studies very challenging. Individuals living with HIV but unaware of 
their status have been shown to engage in the highest risk behavior[35–37], and may thus 
increase the risk profile of the not on ART group in our study.
We are thus additionally unable to separate out the sexual behavior of participants who are 
non-adherent to ART. However, the individuals who are on ART but non-adherent to their 
medications may be of the greatest interest in assessing potential for “risk compensation,” in 
which individuals engage in higher risk behaviors because they perceive themselves to be 
protected[38]. Future studies should differentiate between non-adherence and individuals 
not yet on ART. Further, we did not measure CD4 levels to determine whether those not on 
ART would meet local treatment guidelines. Nor did we measure whether individuals were 
aware of the protective nature of ART on HIV transmission. As the results of HPTN 052 
become increasingly widespread, it will be vital to understand if risk compensation 
attenuates the effect of treatment as prevention[39].
Additionally, sexual behavior was ascertained through participant self-report. Given the 
wide-scale general population knowledge about HIV and the numerous health education 
campaigns that have been conducted in South Africa, there is substantial reason to expect 
that self-report may be more conservative than true sexual behavior (though there is some 
question as to whether females under-report sexual activity while males over-report sexual 
activity[40]). Of greatest concern is the potential that participants who are on ART and 
therefore receiving counseling on safe sex are more likely to under-report their sexual 
activity than those who are not in regular care. There is little guidance to correct for this 
potential differential misclassification.
Cross-sectional studies have several additional limitations in answering the question of 
differences in sexual behavior between those on and not on ART. Particularly, the 
individuals who initiate and maintain ART likely are inherently different from the 
individuals who do not initiate ART or those who never get tested, and this unmeasured 
confounding may lead to uninterpretable results. As a result, future studies assessing 
differential sexual risk taking by ART status should have more rigorous longitudinal designs 
and assess the nuances in the population not on ART.
As “treatment as prevention” strategies are increasingly implemented, it will remain vital to 
understand the sexual behavior of individuals living with HIV whether on or not on ART. 
Implementing HIV prevention interventions to decrease sexual risk behaviors of individuals 
not on ART are of the greatest importance for curtailing the HIV epidemic, though to 
identify these individuals they will need to be tested, setting them onto the “continuum of 
care.” Additionally, as the public becomes increasingly aware of the protective nature of 
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ART against transmission, assessing the potential for increased risk behaviors among those 
on ART will also be of interest. Continued monitoring of the sexual behaviors of individuals 
living with HIV and implementation of behavioral strategies to modify risky sexual 
behaviors among these individuals remain key strategic targets for the HIV response.
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Figure 1. Unadjusted and adjusted odds ratios for sexual behaviors by ART status among South 
African males and females living with HIV, 2012
All aORs are adjusted for age category, race, income in past month, locality type, partner 
type, education, and alcohol use, while condom use outcomes additionally adjust for 
disclosure of HIV status to partner and alternative contraceptive use
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